We study the three body NKK system by using the fixed center approximation to the Faddeev equations, taking the interaction between N andK, N and K, andK and K from the chiral unitary approach. Our results suggest that a NKK hadron state, with spin-parity J P = 1/2 + , and mass around 1920 MeV, can be formed.
Introduction
The study of hadron structure is one of the important issues in contemporary hadron-nuclear physics and is attracting much attention. For example, the Λ(1405) state, which is catalogued as a four-star Λ resonance in the Particle Data Group (PDG) review book 1 , has structure and properties which are still controversial. Within the unitary chiral theory, two Λ(1405) states are dynamically generated 2,3,4,5,6,7,8,9,10 . The heavier one corresponds to basically aKN bound state and the lighter one is more looking like a πΣ resonance. For mesonic resonances, the f 0 (980) and a 0 (980) are also dynamically generated from the interaction ofKK, ππ, and ηπ treated as coupled channels in I = 0 and I = 1, respectively 11,12,13,14,15,16,17 . For the three body NKK system, it is naturally expected that the three hadrons NKK form a bound state because of the strong attraction in theKN andKK subsystems. Indeed, this state has been studied with nonrelativistic three-body variational calculations, 18 and by solving the Faddeev equations in a coupled channel approach 19 . They all found a bound state of the NKK system with total isospin I = 1/2 and spin-parity J P = 1/2 + . Along this line, in the present work, we reinvestigate the three-body NKK system by considering the interaction of the three particles among themselves. With the two-body NK, N K and KK, KN scattering amplitudes from the chiral unitary approach, we solve the Faddeev equations by using the Fixed Center Approximation (FCA), which has been used before, in particular in the study of theKd interaction at low energies 20,21,22,23 . This approach was also used to describe the f 2 (1270), 
Formalism
We consider the f 0 /a 0 (980) scalar meson as a bound state ofKK in one case, and the Λ(1405) state as a bound state ofKN in the other, which allows us to use the FCA to solve the Faddeev equations. The analysis of the N − (KK) f0/a0(980) and K −(KN ) Λ(1405) scattering amplitudes will allow us to study dynamically generated resonances.
For the case of the K − (KN ) Λ(1405) configuration, the K is assumed to scatter successively with theK and N . Then the FCA equations are written in terms of two partition functions T 1 and T 2 , which sum up to the total three body scattering amplitude T KΛ(1405)→KΛ(1405) ,
where t i represent the KK and KN unitarized scattering amplitudes, and G 0 is the loop function for the K meson propagating inside the Λ(1405) cluster (see Ref. 27 for more details).
Results and discussion
We calculate the three body scattering amplitude T with total isospin I = 1/2 and spin-parity J P = 1/2 + and associate the peaks in the modulus squared |T | From our results, the clear peak around 1920 MeV in the scattering amplitude for the NKK system, indicates that we have a resonant state made of these components. Furthermore, the main KΛ(1405) component over the N f 0 (a 0 (980)) serves to put the peaks with moderate strength around 1950 MeV seen in Fig. 1 in a proper context, indicating that the effect of this configuration in that energy region can be diluted when other large components of the wave functions are considered, such that we should not expect that these peaks would have much repercussion in any physical observable.
Conclusions
We have performed a calculation for the three body NKK scattering amplitude by using the FCA to the Faddeev equations, taking the interaction between N and K, N and K, andK and K from the chiral unitary approach. It is found that in both N a 0 (980) and KΛ(1405) configurations there is a clear peak around 1920 MeV indicating the formation of a resonant NKK state around this energy. This result is in agreement with those obtained in previous calculations 18, 19 , which support the existence of a N * state with spin-parity J P = 1/2 + around 1920 MeV. We also found that the KΛ(1405) configuration is the dominant one, where theKK subsystem can still couple to the f 0 (980) and a 0 (980) resonances.
